What is already known on this topic?
► Palivizumab can reduce the prevalence of respiratory syncytial virus infection-based hospitalisation among premature infants in clinical trials and is particularly recommended for high-risk populations. ► The best target among such populations is controversial.
What this study adds?
► Restricted use of palivizumab in infants aged <2 years following reimbursement limitations by a national regulatory authority in Italy was not associated with an increase in hospitalisation prevalence despite a significant reduction in the number of prescriptions in the same target population.
AbsTrACT
Objective To evaluate the impact of new reimbursement decisions for palivizumab treatment on respiratory syncytial virus (RSV) hospitalisations and the concomitant number of palivizumab prescriptions for infants aged <2 years.
Design We compared the RSV hospitalisation rates in infants before and after implementation of new limitations during three RSV seasons 2014-2017. setting Population aged <2 years at the beginning of each RSV seasons extracted from regional health systems (Lazio region, 2016, 5 898 124 inhabitants and 47 595 births).
Patients Out of 70 323 infants, 5895 (8.4%) premature babies (gestational age (GA) <37 weeks) were followed before-after Italian Medicines Agency (AIFA)-2016 limitations.
Intervention In 2016, AIFA, following the American Academy of Pediatrics guidelines, decided to limit coverage of palivizumab prophylaxis (GA ≤29 weeks).
Main outcomes measures
Trend of hospitalisations by months and rate of RSV before-after new restrictions were analysed. Palivizumab prescriptions and costs for National Health Service (NHS) were considered. results In a population of 284 902 aged <2 years, the number of hospitalisations due to RSV infection was 1729. Following AIFA-2016 limitations, a reduction in the number of RSV infection-based hospitalisations from 6.3/1000 (95% CI 6.0 to 6.7) to 5.5/1000 (95% CI 5.0 to 5.9) was observed. Palivizumab showed a concomitant reduction of 48% in the number of prescriptions (saving €750 000 for the NHS). No differences of GA, age on admission or severity of RSV infection were observed. Conclusions Implementation of the new palivizumab reimbursement criteria was not associated with an increase in the RSV hospitalisation rate for children aged <2 years despite a significant reduction in the number of palivizumab prescriptions.
InTrODuCTIOn
The respiratory syncytial virus (RSV) is considered worldwide to be the most common cause of infection of the respiratory tract in children aged <2 years and a major public health burden associated with frequent hospitalisation of children. 1 Several studies defining the epidemiology and burden of the RSV among infants have shown that, in Italy, the RSV is associated with 31%-49% of all acute respiratory infections. [2] [3] [4] [5] [6] [7] The risk of hospitalisation decreases during the first 2 years of life but has been reported to be higher according to the grade of prematurity, and in infants with chronic lung disease or other congenital diseases. 8 Palivizumab is a humanised murine monoclonal antibody and it is the main pharmacological agent used for the prevention of RSV infections. Following the Impact-RSV study, the drug has been approved in the USA and Europe based on data showing a significant reduction in hospitalisations for RSV disease in premature infants and in infants with chronic lung disease after monthly intramuscular administration of palivizumab throughout RSV season. 9 Since the introduction of palivizumab onto the market, palivizumab has been associated with an intense debate regarding the best target populations where to be used. Such controversy has resulted from conflicting data on efficacy in different risk categories and due to its expense. In this context, several recommendations for its administration have been published. 10 11 The therapeutic indication reported in the Summaries of Product Characteristics (SPC) approved by the European Medicine Agency states that palivizumab can be used for the prevention of severe disease in the lower respiratory tract necessitating hospitalisation caused by the RSV in children at high risk for RSV disease. High-risk categories were identified in children: (i) born at ≤35 weeks of gestation and <6 months of age at the onset of the RSV season; (ii) <2 years of age and requiring treatment for bronchopulmonary dysplasia within the previous 6 months; (iii) <2 years of age and with haemodynamically significant congenital heart disease. In Italy, following publication of the revised recommendations from the American Academy of Pediatrics (AAP) in 2014, 10 prescribers and decision makers tried to define a new strategy for the identification of paediatric patients for whom prophylaxis with palivizumab is more effective. The review of all data on efficacy and safety convinced the Italian Medicine Agency (AIFA) to adopt new limitations for palivizumab in terms of setting criteria for reimbursements by the National Health Service (NHS). Starting October 2016, palivizumab was reimbursed only for children: (i) born at ≤29 weeks of gestation; (ii) <2 years of age and requiring treatment for bronchopulmonary dysplasia within the previous 6 months; (iii) <1 year of age and with haemodynamically significant congenital heart disease. Furthermore, even if not included in the SPC of the drug, AIFA recommended reimbursement by the NHS also for prophylaxis with palivizumab for children: (iv) ≤1 year of age and with severe congenital malformations (eg, neuromuscular, cardiac); (v) ≤2 years of age in children with primitive or secondary immunodeficiencies.
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New limitations for reimbursements were more compliant with the AAP-2014 recommendations and restricted the potential use of palivizumab when comparing the eligible neonatal population with those included in the official approved therapeutic indication reported in the SPC.
After considerable discussion among the Ministry of Health, the Italian Society of Neonatology and patient associations, in October 2017 AIFA decided to revoke the new limitations eliminating the reimbursement restrictions for infants born at gestational age (GA) 30 to ≤35 weeks.
We wished to ascertain, using real-world data, the impact of the reimbursement limitations during 2016-2017 for prophylaxis with palivizumab in a paediatric population in terms of hospitalisation prevalence and drug consumption.
MeThODs
We compared the prevalence of RSV infection-based hospitalisations in patients aged <2 years before and after implementation of the 2016 limitations for the reimbursement of palivizumab by the Italian NHS.
Data were extracted from three main sources. The first source was the Certificate of Delivery Care (CEDAP up to 2016). This reports information at birth, such as GA, birth weight, sex and date of birth. It also reports information on the health status and sociodemographic characteristics of the mother.
The second source was the Drug Claims Registry. This collects information on drug prescriptions reimbursed by the healthcare system and dispensed by private or public pharmacies or, in some cases, directly from local health units or hospital pharmacies. For each prescription, the following information is available: patient code, date of prescription, drug substance, marketing authorisation code and number of packages. All drugs are identified through the international Anatomical Therapeutic Chemical (ATC) classification system.
The final data source was the Hospital Information System. This collects information on all hospital discharges registered in a regional hospital, in particular the dates of admission and discharge, diagnoses and procedures (primary and secondary) according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and internal transfer (such as admission to an intensive care unit).
Three were extracted by CEDAP. For each RSV season, infants aged <2 years at the beginning of the season were considered.
During the three seasons, hospitalisations for infants aged <2 years for all causes, with a diagnosis of RSV infection (ICD-9-CM 079.6; 466.11; 480.1) or with a diagnosis of other respiratory virus (ORV) infection (ICD-9-CM 466.19; 480 excluding 480.1) were extracted. RSV hospitalisation necessitating oxygen therapy or mechanical ventilation (ICD-9-CM 93.90; 96.7) was also identified.
In the same periods, palivizumab prescriptions (ATC J06BB16) for infants aged <2 years were documented.
A descriptive analysis of the population at risk and hospitalisations was presented. A before-and-after comparison between GA classes for the target population and between age at the time of admission for hospitalised infants was done by the χ 2 test. The trend for hospitalisations due to infection by the RSV and ORV by month during each RSV season was described.
The prevalence of RSV infection before and after the new AIFA reimbursement limitations and their CIs were calculated assuming a Poisson distribution. The prevalence of oxygen therapy and mechanical ventilation in hospitalised RSV-infected infants was also evaluated. Finally, the impact of new reimbursement criteria (2016-2017) on palivizumab prescriptions was considered.
resulTs
Of 284 902 infants aged <2 years identified in the databases of regional health services during the three seasons of epidemic RSV infection, 70 323 were aged <6 months (table 1) . Of these, 5895 (8.4%) were premature babies (GA <37 weeks). A significant difference in GA before and after new reimbursement criteria was not observed (p=0.1807).
During the three RSV-infection seasons, 2014-2017, >41 000 hospitalisations for infants aged <2 years were recorded. Of these, 12.5% (n=5128) were regarded to be hospitalisations due to infection by a respiratory virus, with 1729 cases of RSV infection-based hospitalisation. The distribution of age on admission for RSV infection-based hospitalisation was not significantly different before the new AIFA reimbursement limitations (p=0.2951). RSV infection-based hospitalisations before and after the AIFA-2016-2017 reimbursement limitations of 18%. Figure 2 shows a reduction in the prevalence of RSV infection-based hospitalisation before and after the reimbursement criteria set by the NHS in 2016. In particular, the prevalence of hospitalisation in infants aged <2 years in the RSV seasons 2014-2016 vs 2016-2017 was 6.3/1000 (95% CI 6.0 to 6.7) and 5.5/1000 (95% CI 5.0 to 5.9), respectively. Furthermore, the prevalence of oxygen therapy and mechanical ventilation in RSV-infected infants hospitalised was similar in both seasonal periods (9.6% vs 9.2%; p=0.7832; data not shown). Figure 3 shows the trends of palivizumab prescriptions before and after implementation of the new reimbursement limitations. In the period following the final regulatory decision, a reduction in the number of palivizumab doses reimbursed by the regional NHS of 48% compared with previous seasons was noted. This reduction was associated with an estimated saving for €750 000 by the NHS.
DIsCussIOn
Our study provides data on the impact of the reimbursement decision by the Italian NHS based on international guidelines. 10 11 A significant reduction in the prevalence of palivizumab administration between the pre-2016 and post-2016 reimbursement decision was not associated with an increase in the prevalence of RSV infection-based hospitalisation for children aged <2 years. In fact, we detected a reduction in prevalence, which could be plausible with more accurate coding by hospital administrations linked with the new reimbursement procedures or with an increase of palivizumab compliance in babies with a higher risk of RSV infection. Another possible explanation could be the year-to-year variation in the intensity of RSV epidemics. However, in our study, the prevalence of RSV-based hospitalisation (6.3 and 5.5 per 1000 children aged <2 years) and the epidemiological characteristics of our populations were not different to those reported by Grindeland et al in the USA. 12 In their retrospective before-and-after analysis, they observed a prevalence of hospitalisation of 5.37 per 1000 children aged <2 years in the pre-2014 guideline period vs 5.78 in the post-2014 guideline period (p=0.622). In accordance with our conclusions, the authors suggested that implementation of the 2014 guideline was not associated with an increase in the prevalence of RSV infection-based hospitalisations for children aged <2 years with a significant concomitant lower use of palivizumab. 12 We also took into account hospitalisations related to ORV infections, and no differences in the epidemic seasons were detected. Instead, in the same population, we observed a significant reduction in the number of palivizumab prescriptions. Application of the data from our study population revealed that, in terms of the reduction of prevalence of palivizumab prescriptions (-48%), up to the national level (473 438 newborns in Italy in 2016), we estimated a nationwide saving of €7.5 million in the first year following the 2016-2017 reimbursement limitations.
Other studies support our results showing no differences in the prevalence of RSV infection-based hospitalisations in children aged <2 years after implementation of the AAP-2014 guidance for palivizumab use. 13 14 In particular, Rajah et al documented the difference in the number of RSV infection-based hospitalisations and other neonatal outcomes in infants aged <1 year with a GA of 29-34 weeks in the seasons before and after implementation of the AAP-revised guidance. In that retrospective study, RSV infection was confirmed by virology results and, of 1063 RSV infection-based hospitalisations in infants aged <1 year, 7.1% vs 9.8% (p=0.1) were observed before and after the AAP-2014 guideline, respectively. Conversely, this study observed an increase in disease severity in premature infants aged <6 months born at a GA of 29-34 weeks who were no longer eligible for palivizumab prophylaxis. However, similar to our data, palivizumab eligibility decreased to 32.3%. 13 During three consecutive seasons from 2012 to 2014, Farber et al provided additional support to the AAP-2014 guidelines for palivizumab prophylaxis.
14 They evaluated the prevalence of RSV infection-based hospitalisation in 2031 infants of GA 29-32 weeks and 12 066 infants of GA 33-36 weeks. Differences in the prevalence of RSV infection-based hospitalisations in infants of GA 29-32 weeks receiving palivizumab compared with those who did not receive prophylaxis was reported (3.1% vs 5.0%, p=0.04). However, a difference in the prevalence of RSV infection-based hospitalisations in infants of GA 33-36 weeks was not observed regardless of palivizumab receipt. Interestingly, palivizumab prophylaxis was associated in infants of GA 29-32 weeks with a higher prevalence of hospitalisation for bronchiolitis because of ORVs.
Evidence of lack of efficacy of palivizumab in infants aged <2 years born at a GA of 29-35 weeks without comorbidities has been supported by several studies. [15] [16] [17] That is, no significant difference in the prevalence of RSV infection-based hospitalisation in those treated with or without palivizumab has been documented.
A small, retrospective single-centre study in Italy investigated the impact of the AAP-2014 guideline on the prevalence of RSV infection-based hospitalisation in infants aged ≤1 year.
18 They claimed that their data supported the need to re-evaluate the role of palivizumab prophylaxis in infants born at a GA of ≥29 weeks, but a significant difference in the prevalence of RSV infection-based hospitalisation was not observed during three consecutive RSV seasons from 2014 to 2017.
Debate as to which patients should receive palivizumab and which individuals do not benefit from such prophylaxis is continuing. Agreement and implementation of the updated AAP-2014 guidance was mixed among the various paediatric specialists. 19 However, the consensus conference statement by Pignotti et al, 20 which encompassed expert opinion and available evidence, suggests that palivizumab prophylaxis is not recommended for infants of GA ≥29 weeks unless there is comorbidity. Nevertheless, the current Italian Guidelines recommend palivizumab prophylaxis for infants of GA 29-35 weeks and a chronological age ≤6 months at the beginning of the epidemic season.
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These discrepancies, whereby palivizumab produces optimal benefit according to different sources of information (eg, SPC, national/international guidelines), places, prescribers and patients in a very difficult position. 22 Hence, follow-up of a new decision on palivizumab prophylaxis that may have an impact on the neonatal health outcomes is crucial.
Several limitations of our study must be mentioned. Our analysis is based on data from one single Italian central region and may not reflect hospitalisation trends seen in other geographical area. However, to the best of our knowledge, this is the largest European study evaluating the impact of guidance on palivizumab based on population representing 10% of Italian infants. We were not able to have laboratory confirmation of RSV diagnosis but our results are similar to other study capable to have also these data. 12 This is an ecological study and cannot account for potential change of individual characteristics associated with neonatal outcomes but allowed to perform a prompt analysis of the impact of recent regulatory decision on the neonatal health outcomes of the target population. Our data are consistent with recent cohort study, 14 where no differences were found in the rate of RSV hospitalisation in treated versus untreated with palivizumab.
COnClusIOns
We showed that implementation of NHS reimbursement criteria from 2016 for palivizumab was not associated, in a large central region of Italy, with an increased prevalence of RSV infection-based hospitalisation for infants aged <2 years. Regulatory decisions and updated guidelines followed by appropriate monitoring should represent the 'gold standard' for decision makers to understand the impact of such decisions on health outcomes and costs. We showed that pharmacoepidemiology can serve as a bridge between medical research and clinical practice.
